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Abstract—The gyrotron, an ideal millimeter or terahertz 
source, requires mode converter. The mode converter is 
used to launch the desired wave to interact with the 
electron beam (e.g. traveling-wave amplifier) or to extract a 
wave power from the interaction region (e.g. 
backward-wave oscillator). A poor mode-converter, 
however, excites unwanted modes resulting in severe mode 
competition. In the previous study, Computer Numerical 
Control (CNC) lathe was employed. However, the 
machining error leads to a low yield rate at sub-terahertz 
region, which significantly hinders the progress of 
high-power terahertz gyrotrons. In this work, X-ray 
micro-machining (LIGA technique) is explored. LIGA 
technique is capable of fabricating devices with high 
precision, high aspect ratio, and low surface roughness. 
The prototype of the mode converter, TE02 (190-220 GHz), 
is ready for the cold test. 
I. INTRODUCTION AND BACKGROUND
esearches in the terahertz region have drawn much 
attention in recent years. The low-power and non-coherent 
radiation sources have created numerous applications, 
while the development of the high-power and coherent 
radiations is still slow-paced because of the severe lack of 
radiation sources as well as devices, such as mode converters. 
The gyrotrons are ideal sources, based on the electron cyclotron 
maser mechanism. A mode converter is needed to launch the 
desired wave to interact with the electron beam (e.g. 
traveling-wave amplifier) or to extract a wave power from the 
interaction region (e.g. backward-wave oscillator). A poor 
mode-converter, however, excites unwanted modes resulting in 
severe mode-competition problem and significantly hinders the 
progress of high-power terahertz gyrotrons.  
The development of terahertz mode converters is jointly 
conducted using LIGA technique (a German acronym for X-ray 
lithography, electroplating, and molding). This work presents 
an approach to fabricate a TE02 terahertz mode converter using 
X-ray lithography. These high-performance converters are 
demonstrated at 190-220 GHz. They are suitable for gyrotron 
amplifier/oscillator applications. 
!
Figure 1 HFSS simulation results for a back-to-back 
configuration. (a) Field pattern, and (b) transmission. 
II. PRELIMINARY RESULTS
Figure 2 shows HFSS design, development, and 
electroforming for 200 GHz TE02 mode converter.  
Figure 2 The design drawing, the SU-8 mold, and the part after 
electroforming.  
     
Figure 3 The finished part and the assembly of the TE02 mode 
converter jointed back-to-back. The whole parts are made of 
copper. The cascaded Y-type power dividing sections are used 
to provide suitable sidewall coupling to excite the desired 
mode. 
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Figure 4 Experimental setup (frequency domain). (a) The input 
signal of frequency around 200 GHz is generated by a doubler 
which converts a source from the head module of the 
performance network analyzer. Two straight sections made of 
stainless steel is function as 3-dB fixed attenuator. (b) The 
device under test is placed in the middle of the test set.  
Two ongoing research using LIGA techniques are: 
z 200 GHz TE02 mode converter for Fukui gyrotron.!
z 400 GHz TE41 mode converter for 4th harmonic gyrotron.!
III. DISCUSSION
The measured transmission is not as good as theoretical 
prediction. Reasons are not clear. Reducing the reflections of 
the active devices, like the doubler and the detector, will 
improve the accuracy. A time-domain technique is developing 
right now in conjunction with the frequency domain technique.  
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